OBJECTIVE: To study the effect on the early (cephalic) phase of diet-induced thermogenesis (EDT) of palatable vs unpalatable food, in nonobese and obese man. SUBJECTS: Twenty-four nonobese volunteers and 19 obese clinic patients. DESIGN AND MEASUREMENTS: A palatable, liquid formula meal of Ensure (1048 KJ, 450 ml), and of Ensure made unpalatable by addition of aqueous KCl, were sipped on nonconsecutive mornings. O 2 consumption (ml/min) was measured before, and starting 30, 60 and 90 min after beginning the test meal, from which EDT was calculated as KJ/min. RESULTS: Palatability of the test meal signi®cantly increased EDT (palatability effect, P 0.004) but obesity status per se, did not affect EDT. Nevertheless, the effect of palatability on EDT was dependent on obesity status, being seen only in the nonobese. EDT was signi®cantly greater in the nonobese after the palatable than the unpalatable meal: (mean 6 s.e.m.) 2.45 6 0.14 vs 1.83 6 0.14; P`0.0001, but not in the obese: 1.93 6 0.28 vs 1.73 6 0.20; P`0.21. Therefore only after the palatable meal was EDT less in the obese compared with the nonobese: P`0.05.
Introduction
The importance of an early or cephalic phase 1 during the`facultative' component 2 of diet-induced thermogenesis (DIT) has been demonstrated in man and in dogs. 3±5 It results from cognitive and sensory reactions to the act of eating (including mastication and swallowing). 3±9 These occur to the greatest extent early in the thermogenic response to eating. The metabolic response to absorbed dietary breakdown products occurs during the later`obligatory' component 2 (also referred to as the`gastrointestinal phase'). We have chosen to refer to the cephalic phase of DIT that we studied as`early dietary thermogenesis' (EDT), since we did not relate our data directly to indicators of cephalic activity, such as secretion of insulin or of autonomic nervous system hormones.
Whether the palatability of food affects EDT has been studied in nonobese man, with con¯icting results. 9±11 Furthermore, nonobese and obese subjects have not been compared. We therefore measured EDT resulting from palatable and unpalatable meals in both nonobese volunteers and obese patients.
Methods

Subjects
Twenty-six women and 17 men, recruited by advertisements or from among our obese clinic patients, ranged in age from 17±45 y (other characteristics in Table 1 ). Those with a body mass index (BMI) greater than 26 were classi®ed as obese. 12 When BMI was between 24±26 (inclusive), triceps skinfold thicknesses greater than 2 cm in women and 1.5 cm in men were considered to indicate obesity. We excluded subjects who had been losing weight, had basal metabolic rates (BMR) 15% less, or 20% more than normal, 13 or whose resting O 2 consumption (VO 2 , ml/ min; RMR) differed by more than 10% on the two experimental days. The 24 nonobese subjects included 13 women and 11 men, and the 19 obese subjects included 13 women and 6 men.
The protocol was approved by the hospital Helsinki committee; informed consent was obtained from all subjects.
Test meals
The palatable meal consisted of 1048 KJ (500 cal; 450 ml) of liquid formula (Ensure; Ross Labs, Columbus, OH), whose caloric distribution was 14.0% protein, 31.5% fat, and 54.5% carbohydrate. To determine individual thresholds for the unpleasant taste of KCl, subjects reported to the laboratory a few days to a week before the ®rst determination of EDT. The only four individuals to whom untreated Ensure was not palatable were not studied. Subjects took 2±3 single sips from prepared solutions of Ensure containing increasing amounts of added aqueous KCl (1.0 g/ml). Between solutions they thoroughly rinsed their mouths with water and then waited 5 min. The lowest concentrations of KCl in Ensure that made it unpleasant' was then used in preparing the unpalatable meal for that subject.
Protocol
On test days subjects reported to the laboratory after a 12 h overnight fast. Instructions were to get a full night's sleep, to be dressed comfortably, and to arrive at the laboratory rested and unhurried. After voiding, the subject sat in a comfortable chair, waiting 30 min to adjust to the laboratory environment (temperature 22±24 C). During the experiment the subject read nonexciting material or listened to radio music, but was not allowed to doze. VO 2 was measured with a Sanborn Metabolator (Hewlett-Packard, Palo Alto, CA). O 2 was breathed through a mouthpiece, with a nose-clip in place; CO 2 was absorbed by soda-lime. Resting VO 2 (RMR), determined after the subject had become accustomed to breathing through the apparatus, was calculated from the average of three consecutive 8 min determinations of VO 2 . After this 0 time determination the test meal was sipped during 10 min. The palatable and the unpalatable meals were fed in random order, on nonconsecutive days within a single week (days chosen by the subject). In each subject EDT was determined on 2 mornings only. VO 2 was again determined 30, 60 and 90 min after the test meal was begun. Each determination consisted of the average of two consecutive 8 min measurements. Thus the mid-points of determinations of VO 2 were actually at 38, 68, and 98 min after start of the meal, but were graphed in terms of heat production (KJ/min) as of the time each determination was begun.`Total' EDT was calculated from the area under the curve of increase in heat production from 0 time until the last determination.
Statistics
All analyses were performed using the 608 software version of the SAS (Cary, NC). Results are presented as means AE s.e.m. The relationships between postprandial increase in EDT as the dependent variable and palatability, obesity status, gender, time of measurement and their interactions were analyzed, each as a mixed model ANOVA using repeated measures.
Signi®cance of differences in mean determinations between groups, de®ned by palatability of meal and whether subjects were obese or not, were assessed by Student's t-test, 2-tailed, and paired or unpaired as appropriate. Bonferroni's correction for multiple comparisons was applied. P values of 0.05 were considered to indicate statistical signi®cance.
To differentiate between results obtained by ANOVA and t-test methods, the former are shown between parentheses, and`P' appears as a capital letter, while for the latter, no parentheses are used and`p' is in lower case.
Results
Effects of palatability and obesity status on EDT
Palatability signi®cantly increased EDT (palatability effect, P 0.004) but only among the nonobese ( Figure 1 ):`total' EDT (from 0 time to 90 min) was signi®cantly greater after the palatable than the unpalatable meal: 2.45 AE 0.14 vs 1.83 AE 0.14 KJ; Figure 1 Effect of palatability of food on EDT* in 24 nonobese subjects (means AE s.e.m.). Palatability effect signi®cant, P 0.004 (ANOVA). Differences between palatable and unpalatable meals at 30, 60 and 90 min: NS, p`0.05, and p`0.001, respectively (t-tests). * Early dietary thermogenesis, represented by area under curve of increase in heat production from 0 time to 90 min after start of meal. p`0.0001. But among the obese ( Figure 2 ) there was no signi®cant difference in`total' EDT between palatable or unpalatable meals: 1.93 AE 0.28 vs 1.73 AE 0.20, respectively; p 0.21. This palatability effect resulted from interaction between palatability of the meal and obesity status (palatability-obesity status, group effect, P 0.05). However, obesity status per se, as an independent factor, did not signi®cantly affect EDT (obesity status, group effect, P 0.16).
Effect of time on EDT
The time after the meal when EDT was measured was also a signi®cant factor (time effect, P`0.0001). In the nonobese, after both palatable and unpalatable meals EDT increased with time and reached a maximum at 60 min ( Figure 1 ). Following the palatable meal EDT increased rapidly, was signi®cantly higher at 30 min, reached a maximum at 60 min, but then decreased slightly: p 0.015, 0.008 and 0.1, respectively. However, after the unpalatable meal EDT increased less rapidly, also reached a maximum at 60 min, but then decreased considerably. As a result, the differences between EDT after palatable and unpalatable meals increased progressively. This palatability effect, while small and not signi®cant at 30 min, was signi®cant at 60 min, and more so at 90 min: p`0.05 and`0.001, respectively. The rates of increase in EDT in the obese following either meal did not differ very much initially, and between 60 and 90 min did not decrease, so the curves were then almost identical (Figure 2 ). There were no clear cut maximums.
Total' EDT in obese and nonobese subjects
Comparison of`total' EDT in the nonobese and obese after a palatable meal showed that`total' EDT was signi®cantly greater in the nonobese, p 0.004. However, after an unpalatable meal there was no difference in EDT between the nonobese and the obese, p 0.49 (numerical data in Results, ®rst paragraph).
Gender did not signi®cantly in¯uence EDT (P 0.3).
Dose of KCl for unpalatability
The
Discussion
A disturbing feature of studies of EDT has been the frequency of con¯icting conclusions as to the effects of various factors in the nonobese and obese.
14 The discordant results have been ascribed to minor differences in experimental design and technique that may signi®cantly affect metabolic activity. 2 Palatability is only one of these many factors whose effect on EDT is in dispute, 9±11 but only among the nonobese, as it has not been studied among the obese before this. We therefore adhered as closely as possible to conditions under which palatability had been shown to affect EDT, such as limiting O 2 determinations to 1.5 h postprandially. However, for many very practical reasons we could not even attempt to duplicate the test meals of others. We therefore used as standard a meal as possible: Ensure.
Effect of palatability
While LeBlanc and Brondel 9 reported that palatability of the test meal increased EDT, Weststrate et al 10 countered with denial. In a more recent study EDT was said to be correlated with palatability, even though there were no differences between the test meals in subjective ratings of taste, visual appeal or aftertaste. 11 In none of those three studies were any of the subjects obese. In this study we found that palatability de®nitely resulted in greater EDT in our nonobese, but not in our obese subjects. LeBlanc et al had found that a palatable meal increased noradrenaline excretion, explaining the increased metabolic response. 6, 7, 9 Welle found that sweet-tasting glucose, but not fat or carbohydrate, increased EDT. 15 We can only speculate as to the reasons for the discrepant results. Obviously, variation in quality and intensity of the sensations of palatability and unpalatability aroused by the different test meals of each investigator could affect results. Also, differences in one or more of the many other characteristics of test season of year when tests were performed, 14 familiarity with the test meal, 23 and psychological stress. 24 Responsiveness of the obese to palatability
Striking corroboration of the relative unresponsiveness of EDT in the obese to palatable food is provided by Garrel and de-Jonge's studies 25 of EDT after intragastric tube-feeding. A breakfast meal was chewed and swallowed by eight normal-weight subjects, but when the same meal was blenderized and given by intragastric tube, EDT was 30% less, p`0.01. But in their nine obese subjects there was no signi®cant difference in EDT after oral or tubefeeding of the meal.
Our results were comparable: in our 24 nonobese subjects EDT was 25% less after a palatable than an unpalatable meal, p`0.001. But in our 19 obese subjects there was no signi®cant difference. Thus in the quoted studies, whenever nonobese subjects found the taste of a meal acceptable, EDT was signi®cantly greater than when the meal was tube-fed and was not tasted, or when the taste was unpalatable. Garrel and de-Jonge 25 concluded that it was the absence of oropharyngeal stimulation that resulted in reduced EDT after tube-feeding in the nonobese. LeBlanc et al had put it positively: the sensation of palatability, associated with oral feeding and absent during tube-feeding, plays the major role in EDT. 3 Our experiments, in which palatability itself was directly manipulated, are in full accord with their conclusions.
As to why palatability of food did not appear to affect EDT in the obese, neither our experiments nor those of others provide any apparent answer. It might be due to reactions during the cephalic phase of thermogenesis to psychological factors which affect the obese under certain experimental conditions. Alternatively, or in addition, it might involve physiological differences associated with the obese state, not of psychological origin. In our experiments, in accord with their higher threshold for the unpalatability of meals embittered by KCl, our obese may not have perceived or appreciated as much as the nonobese, the relatively pleasant, mild taste of Ensure. Thus they did not react to it, or else reacted minimally.
Also, many obese claim not to be hungry in the morning and therefore minimize 26, 27 or skip breakfast. 28 In another study 70.3% of obese diet unit patients skipped breakfast. 29 Our experience has been similar (unreported). This might explain why our obese patients did not respond more enthusiastically to a palatable substitute for their delayed breakfast, with a substantial increase in EDT as did our hungry nonobese subjects.
De®cient EDT in the obese?
Whether or not EDT is diminished or`de®cient' in the obese has often been investigated, again with contradictory results. There are at least 29 reports of diminished EDT in the obese vs at least 22 of undiminished EDT (collated from: References 14, 16, 30±32). Jequier 2 attributed these contradictions to methodological problems and to individual variation among the obese.
While EDT was signi®cantly lower in our obese subjects after the palatable meal, in our previous work with a variety of different test meals we had never found EDT signi®cantly decreased in the obese. 14, 16, 17 Apparently, only with an appropriate test meal, and with and without certain speci®c feeding conditions, is EDT greater in the nonobese, namely`de®cient' in the obese. The many reports of de®cient EDT probably result, at least in part, from differences in reactions of the obese to any of the many physical, physiological and psychological stimuli mentioned above, that affect the cephalic phase of EDT. Therefore, lesser EDT in the obese need not necessarily signify metabolic de®ciency.
Palatability and obesity
A concomitant of the greater EDT we found after palatable food in the nonobese, is`waste' of calories due to the increased EDT induced by palatability per se. But in the obese, not only does palatability not increase EDT and cause caloric waste, albeit minor, but it usually tends to increase food consumption. 33 Thus it may promote positive caloric balance and possibly increase obesity, for both reasons.
Thresholds for unpalatability
For the test meal to be unpalatable, our obese needed signi®cantly more added KCl. Most studies comparing sense of taste in the nonobese and obese have focused mainly on sweet foods; and even here the results are in con¯ict. 34, 35 For other taste modalities, bitter, salty and sour, Malcolm et al 36 found no differences in the thresholds of the nonobese and obese. However, differences in the bitter materials used (their urea vs our KCl), as well as differences in other experimental conditions, might explain the conicting results.
Effect of KCl on EDT
Our attempt to determine the effect of KCl by itself on EDT was unsuccessful: the same concentrations of KCl in aqueous solution as in Ensure were too bitter for our subjects to drink. Others have found that acute administration of KCl, as opposed to chronic administration, does not in¯uence VO 2 . 37 A mixture of K and Mg phosphates either did not affect VO 2 , or else actually increased it. 38 We may therefore assume that the lesser EDT in the obese after drinking Ensure with added KCl was not related to a metabolic effect of the salt, but rather to its being unpalatable due to the bitterness of KCl.
Implications for future work
Despite the obvious unreliability of so many reports of DIT with con¯icting results, the outpouring of studies of DIT continues, because the ®eld is so appealing. It presents a relatively simple, noninvasive approach to direct investigation of important problems of nutrition in man, especially obesity. But it has brought us no closer to designing effective strategies in the prevention or treatment of obesity.
Much more work is needed to con®rm a difference between the nonobese and obese in thermogenic response to food palatability. Very much larger series of subjects than are usually used are needed (at least 62 subjects per group according to Bukkens 30 ). And conditions that must be meticulously controlled include all the many factors known to affect EDT (many noted above), as well as the many as yet unknown. Such requirements are indeed taxing, and few studies, if any, have come near to meeting them. But only under such conditions could more concordant results be obtained in the study of DIT, the original`speci®c dynamic action' 39 thought by the pioneers to be exclusively nutritional in character. 40 
